We present a method for binarization of degraded call number images. Based on the texture feature of the character stroke, the algorithm initially detects the character pixels to determine the size of the local area and compute the logical thresholding level. Experimental results prove the effectiveness of the method. key words: call number, degraded image, image binarization, image segmentation, texture feature
Introduction
Binarization of gray-scale character images is a crucial step in a call number recognition system, since any error at this stage will propagate to all the latter phases, for example the segmentation and the recognition of characters [1] . Although there are many achievable thresholding techniques for document images, such as local [2] and adaptive [3] thresholding algorithm, it is still difficult to deal with degraded call number images with variant fading, shadows, smears, non-uniform illumination, low contrast, poor printing quality, and serious signal-dependent noise.
In this paper, the proposed algorithm first exploits the new texture features of the character stroke, which is based on the difference and the position relation between the maximum and minimum gradient in a local stroke window. Then, we can use the features to initially detect the character pixels and the stroke width. According to the result, the size of the local area and the logical thresholding level both can be adaptively computed to binarize the seriously degraded call number image. Compared with Yibing's techniques in the literature [3] , the proposed method demonstrates the efficiency.
Section 2 defines the new texture features of the character stroke. Section 3 describes the proposed binarization method. The experimental results are provided in Sects. 4 and 5 gives the conclusion.
Texture Feature of Character Stroke
The horizontal luminance gradient dx is first computed by using the mask [−1 1]. Then at each pixel location, the maximum gradient difference (MGD) is computed as the difference between the maximum and minimum gradient values within a local window of size n × 1 centered at the pixel [4] . In the vertical direction, we perform the same processing using mask
and a widow of size 1×n. In the case of call number text -dark text on a bright background, high negative and positive gradient values are the results of transitions from the background pixels to the character pixels and from the character pixels to the background pixels, respectively. As a result, the location of the negative gradient is always ahead of the positive in the same stroke region. Furthermore, character stroke regions have large MGD values and background regions have small MGD values. Additionally, the stroke width is generally greater than one pixel. So, if pixel P(x, y) meets the following conditions, it can be considered as a character pixel ( Fig. 1 (a)∼(b) ).
where GT is the threshold values for the computed MGD; x G max , x G min and y G max , y G min are x and y positions corresponding to the maximum and minimum gradient in the horizontal and vertical window, respectively.
The Proposed Binarization Method
The algorithm is composed of three phases: detection of the character pixles, determination of the size of the areas, and computation of the local threshold. Phase 1: By uisng the described texture feature of character stoke, most character pixels of call number can be detected ( Fig. 2 (b) ).
Phase 2:
In the image of the detected character pixels, the run-length histogram can be used to identify the approximate stroke width (SW) [5] . Then the size of the local region can be determined as (2SW + 1) × (2SW + 1). Phase 3: Based on the detection of the character pixels, the gray-scale average of the character in the local region can be computed. In order to compute the gray-scale average of the background, the dilation operator of 3 × 3 square structure is performed on the detected character image. Most expanded pixels belong to the background and are selected to compute the gray-scale average of the background. This process can effectively suppress the effect of the degradation. Then, the local thresholding level for each local region can be set and the binarization of call number can be performed (Fig. 2 (c) ).
Experimental Results
The proposed algorithm has been tested over 100 call number images captured from a library by using a digital camera. Each image has 256 gray level, 0 is the darkest and 255 is the brightest. In the experiments, we choose n = 9 and GT = 10. Figure 3 compares the performance of Yibing's techniques with that of the proposed method for the typically degraded call number images including the low contrast, broken stroke, shadow, smear, and darkness.
Conclusion
The new texture feature of character stroke is exploited and used to detect the character pixels. Based on the detection, the size of local area can be determined. After the dilation process, the background pixels close to the character pixels are selected to compute the gray-scale average of background. Finally, according to the gray scale average of the character and background, the logical thresholding level can be set for each local region. Experimental results reveal its satisfactory capabilities for the degraded call number images.
